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Abstract

Introduction: Only a minority of patients with acute ischaemic stroke receive reperfusion treatment, primarily due to
prehospital delay. We aimed to investigate predictors of a primary contact to the emergency medical services, arrival at
stroke centre within 3 h of symptom onset and initiation of reperfusion therapy in patients with acute stroke.
Patients and methods: Ve conducted a cross-sectional study of consecutive patients with acute ischaemic stroke,
intracerebral haemorrhage or transient ischaemic attack. Structured interviews of patients and bystanders were per-
formed and combined with clinical information from the Danish Stroke Registry. Eligible patients were aged > 18 years
and were independent in activities of daily living before the stroke.

Results: We included 435 patients. Presence of a bystander at symptom onset and knowledge of >2 core symptoms of
stroke were associated with a primary emergency medical services contact. Higher stroke severity and patients or
bystanders perceiving the situation as very serious were associated with a primary emergency medical services contact
(ORpatients 2.10; 95% CI 1.12-3.95 and ORpyseanders 22.60; 95% Cl 4.98-102.67), <3 h from onset to arrival (ORuciencs
3.01; 95% CI 1.46—6.21 and ORyycanders 4-44; 95% Cl 1.37-14.39) and initiation of reperfusion therapy (ORpucienes 3.08;
95% Cl 1.23-7.75 and ORpyseanders 4.70; 95% CI 1.14-19.5).

Conclusion: Having a bystander, knowledge of >2 core symptoms and understanding that stroke is a serious event are
associated with appropriate help-seeking behaviour, shorter prehospital delay and higher chance of reperfusion therapy
in acute stroke patients.
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window for intravenous thrombolysis and endovascu-
lar treatment at the stroke centre.>®

Substantial efforts have been made to reduce both
prehospital and in-hospital delays in stroke by educat-
ing physicians, staff at the emergency medical services
(EMS) and the public, and by reorganising the stroke
centres and the EMS.”® Patient delay is the main cause
of prehospital delay.”” Many stroke patients do not
know the symptoms of stroke or do not recognise
their own symptoms as signs of a stroke. Others do
not understand the seriousness of the situation and
the importance of calling the EMS immediately, or
they are unable to seek help unless they have a bystand-
er.”'” Some patients and bystanders take a ‘wait-and-
see attitude’, or they contact the general practitioner
(GP) or other healthcare professionals instead of the
EMS, which may further extend delay.®"'

Sparse knowledge exists on predictors of help-
seeking behaviour and patient-related prehospital
delay. We aimed to investigate patient- and
bystander-related predictors of primary EMS contact,
arrival at stroke centre within 3 h from symptom onset
and initiation of reperfusion therapy in acute stroke
patients, as these hallmarks are central in timely care
for acute stroke.

Patients and methods

Design, sample and setting

We performed a cross-sectional study on consecutive
patients with AIS, transient ischaemic attack (TIA) or
intracerebral haemorrhage (ICH) admitted or seen in
the neurovascular outpatient clinics in two stroke
centres in the Central Denmark Region with 1.3 million
inhabitants. The study took place between 28 January
and 10 May 2018.

Eligible patients were >18years, independent in
activities of daily living (score <2 on the modified
Rankin Scale) and <7 days from stroke onset to inter-
view. Screening and inclusion of patients took place
during normal working hours on weekdays. If a patient
was admitted more than once during the study period,
only the first admission was included. The exclusion
criteria are shown in Figure 1.

A bystander was defined as the person who was with
the patient at symptom onset, found the patient or was
contacted/called by the patient. This was usually a family
member or close relative, butit could also be, e.g. a friend
or neighbour. As far as possible, we interviewed both the
patient and the bystander (separately). If there was no
bystander, or the bystander could not be reached, we
only interviewed the patient. If the patient could not be
interviewed due to severe aphasia, dysarthria, reduced
consciousness, critical illness or mental impairment, we

only interviewed the bystander. If there was no bystand-
er in these cases, the patient was excluded.

Main outcome measures were primary EMS con-
tact, arrival at stroke centre within 3 h after symptom
onset and initiation of reperfusion therapy. A primary
EMS contact meant that the first contact to a health-
care professional after onset of stroke symptoms was
directed to the EMS.

In Denmark, all citizens have free access to health-
care. GPs have a key position in the healthcare system
as all citizens are listed with a GP and the GPs act as
gatekeepers to the rest of the healthcare system. Each
region has an out-of-hours primary care (OOH-PC)
service that covers the entire region. The citizens
should call their own GP in daytime and the OOH-
PC service at evenings and nights if they need medical
help. If the condition is so severe that immediate action
is needed, they should call the EMS.'? However, it can
be difficult for a patient or bystander to choose the
correct way into the healthcare system, especially in
an acute situation. This might influence the type of
help received and how fast such help is initiated.

Approximately 90% of all known stroke patients are
seen at a stroke centre.'>'

The study protocol was assessed as a quality
improvement study and patient consent was conse-
quently not needed. A statement from the Central
Denmark Region Committee on Health Research
Ethics concluded that the study could be conducted
without an approval from the Committee.

Data collection

Based on detailed pilot interviews with 30 consecutive
stroke patients admitted to the Department of
Neurology at Aarhus University Hospital, we devel-
oped a structured interview.

The interviews took place as soon as possible after
admission and at the latest within seven days from
symptom onset, otherwise the patient was excluded.
Bystanders were interviewed when they visited the
patient at the stroke unit, otherwise by phone.

The first part of the interview assessed both the
patient’s and the bystander’s knowledge of stroke and
core symptoms of stroke, their education and prior
experience with stroke (private or professional). We
asked them to disregard any knowledge received after
symptom onset. Core symptoms of stroke were defined
as facial palsy, palsy of extremities and aphasia/dysar-
thria. All are common stroke symptoms and frequently
used in stroke campaigns.'> 7

The second part of the interview explored the course
of events on the day of symptom onset, including exact
time of symptom onset, presence of/contact to a
bystander, response to symptoms (e.g. if patient/
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Total stroke and TIA patients in the
period (28 Jan. - 10 May 2018)
n=1160

Not screened due to:

e Fast discharge

> « Transferred to another specialty

S

or hospital

n=494

Not fulfilling study inclusion
criteria:
Sersency >
n =666 e Symptom onset to interview >7
days, n=33
e Dead, n=2
n=35
Excluded:
s Pre-stroke mRS=>2, n=80
« Not interviewed due to fast
> transfer/discharge, n=43
+ Not possible to interview neither
SN patient nor bystander, n=25

Final study population

« Patients refused to participate,
n=3
e Transferred from / resident in

n=435 other regions of Denmark or
abroad, n=30
* In-hospital stroke, n=6
e Non-Danish speaking, n=5
« Multiple/other, n=4
n=196
Only patient Both patient and Only bystander
interviewed bystander interviewed interviewed
n=213 n=>51

n =171

Figure |. Flow chart of the study population. mRS: modified Rankin Scale; TIA: transient ischaemic attack.

bystander took no action or called for help). If they
chose to seek help, we asked who was contacted and
for exact time of contact.

Interviews contained both closed- and open-ended
questions, and no alternative response options were
given. The interviewers were research nurses, research
physicians and a medical student. All were trained in
performing structured interviews and followed a writ-
ten guide. Responses to the questions were entered
directly in the electronic case report form using a
tablet and afterwards uploaded to the database
(REDCap)."®!” The interviews can be found in the sup-
plemental material.

Data on demographics, clinical characteristics and
treatment received were obtained from the medical
record and the Danish Stroke Registry.?

Variables

The dependent variables included primary EMS con-
tact, arrival at stroke centre within 3 h after symptom
onset and initiation of reperfusion therapy. The inde-
pendent clinically relevant variables included patient
age, patient sex, stroke severity (measured by the
Scandinavian Stroke Scale (SSS)),?! history of stroke
or TIA in the patient and presence of/call for a
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bystander. The independent variables on education,
healthcare professional background, personal experi-
ence with stroke from family or friends, knowledge of
stroke core symptoms and perceived seriousness of the
situation at onset were taken from the interview of
either patient or bystander.

The SSS is a validated measure of neurologic impair-
ment and ranges from 0 to 58, higher score indicating
less severe stroke. It can easily be converted to the more
known National Institutes of Health Stroke Scale.*' >
In the analyses, the score was categorised into mild
(43-58), moderate (26-42) and severe (0-25) stroke.?

Statistical analysis

We compared normally distributed data by pairwise
comparison of means with equal variance and non-
normal distributed data by Wilcoxon rank-sum test
or Kruskal-Wallis test as appropriate. Univariate and
multivariable logistic regression analyses were per-
formed to examine the association between the inde-
pendent and dependent variables. We conducted the
analyses on the patient population and the bystander
population separately, using independent variables
from the patient interview and the bystander interview,
respectively.

A p-value <0.05 was considered statistically signifi-
cant. Data management and statistics were performed
using Stata 15.1 software (StataCorp, College Station,
TX, USA).

Results

Out of 1160 patients with stroke or TIA admitted in the
study period, 666 patients were screened. Of the
screened patients, 35 did not fulfil study inclusion cri-
teria, and 196 were excluded. The final study popula-
tion included 435 patients (Figure 1) of whom 80% had
a bystander. We performed 384 interviews with
patients and 264 interviews with bystanders. The
median time from admission to interview was one
day (interquartile range (IQR) 1-1).

The median patient age was 71 years (IQR 61-79).
Only 37% were female, which was significantly lower
than in the non-screened population. Minor stroke was
found in 76% of the patients, 15% had a moderate
stroke and 9% a severe stroke. This was very similar
to the non-screened population (Table 1).

Knowledge, perceived seriousness and help-seeking
behaviour
Knowledge of core symptoms was significantly lower in

patients than in bystanders. Of patients, 54% could not
mention any stroke core symptom, 46% could mention

at least one core symptom and 22% could mention at
least two symptoms. In bystanders, the corresponding
percentages were 28, 72 and 53%, respectively
(Table 2).

Patients generally perceived the situation at symp-
tom onset as less serious than bystanders did. Of
patients, 62% assessed the situation as not serious or
less serious, 16% as moderately serious and 22% as
very serious. For bystanders, the corresponding percen-
tages were 19, 23 and 58%, respectively. When com-
paring perceived seriousness with actual stroke severity
(SSS score), we found that bystanders’ assessment of
seriousness more closely resembled the professional
stroke centre assessment of seriousness than the
patients’ assessment (data not shown).

A primary EMS call was made for 29% of the
patients. In 28% the GP was the first to be contacted,
in 21% the OOH-PC, in 14% family or friends outside
the home and in 9% other healthcare professionals or
unknown.

Primary EMS contact

In the patient population, higher age (80-99 years) was
associated with less chance of a primary EMS contact
compared to the youngest age group (1859 years).
Having a moderate or severe stroke, having a bystand-
er present, knowledge of >2 core symptoms and per-
ceiving the situation as very serious were associated
with a primary EMS contact (unadjusted analyses)
(Table 3).

In the multivariable analysis, these associations were
confirmed; higher age (80-99 years) was associated with
less chance of a primary EMS contact compared to the
youngest age group. Having a moderate or severe
stroke, having a bystander present (adjusted OR 2.24;
95% CI 1.10-4.57), knowledge of >2 core symptoms
(adjusted OR 2.53; 95% CI 1.34-4.79) and perceiving
the situation as very serious (adjusted OR 2.10; 95% CI
1.12-3.95) were associated with a primary EMS
contact.

In the bystander population, we also found that a
moderate or severe stroke in patient, bystanders knowl-
edge of >2 core symptoms (adjusted OR 2.22; 95% CI
1.07—4.60) and bystanders perceiving the situation as
very serious (adjusted OR 22.60; 95% CI 4.98-
102.67) were associated with a primary EMS contact.

Arrival at stroke centre within 3 h

The median time from symptom onset to arrival at a
stroke centre was 6.4h (IQR 2.0-23.0h) and 30% of
the patients arrived within 3 h. Analyses of predictors
for arrival at stroke centre within 3 h were performed
on AIS and ICH patients only, as TIA patients not
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Table 1. Characteristics of the study population and non-screened or excluded patients.

Study population

Excluded or not

Non-screened fulfilling inclusion

Characteristics (n=435) (n=494) criteria (n=231)
Age, median (IQR) 71 (61-79) 73 (63-81) 75 (66-83)
Female, n (%) 159 (37) 230 (47) 105 (46)
Currently smoking, n (%) 97 (23) 96 (22) 60 (30)
Hypertension, n (%) 256 (59) 252 (58) 115 (52)
Atrial fibrillation, n (%) 60 (14) 84 (19) 40 (18)
Stroke severity, n (%)*
Mild 332 (76) 321 (76) 115 (54)
Moderate 64 (15) 55 (13) 57 (26.5)
Severe 39 (9 46 (11) 42 (19.5)
Diagnosis
Ischaemic stroke, n (%) 288 (66) 260 (53) 168 (73)
TIA, n (%) 94 (22) 149 (30) 34 (15)
Intracerebral haemorrhage, n (%) 42 (10) 28 (6) 17 (7)
Other, n (%)° I @3) 57 (1) 12 (5)

IQR: interquartile range; TIA: transient ischaemic attack.

Stroke severity was measured by the Scandinavian Stroke Score (SSS), ranging from 0 to 58. Higher score is indicating less severe stroke. In the
analyses, the score was converted into mild (43-58), moderate (26—42) and severe (0-25) stroke.

®Other vascular diagnosis: central retinal occlusion, amaurosis fugax.

Table 2. Knowledge of core symptoms of stroke among patients and bystanders. Core symptoms were defined as facial palsy, palsy

of extremities and aphasia/dysarthria.

Patients, n = 384

Bystanders, n =264

n, (%) n, (%) P-value

Number of known core symptoms
0 208 (54) 73 (28) <0.001
>1 176 (46) 191 (72) <0.001
>2 84 (22) 139 (53) <0.001

Knowledge of each core symptom
Palsy of extremities (arm and/or leg) 130 (34) 141 (53) <0.001
Aphasia and/or dysarthria 86 (22) 136 (52) <0.001
Facial palsy 66 (17) 107 (41) <0.001

always have to be triaged for acute arrival at the stroke
centre.

In the patient population, having a moderate or
severe stroke and perceiving the situation as very seri-
ous (adjusted OR 3.01; 95% CI 1.46-6.21) were asso-
ciated with arrival within 3h (Table 4). In the
bystander population, severe stroke in patient and
bystander perceiving the situation as very serious
were also associated with patient arrival within 3 h
(adjusted OR 4.44; 95% CI 1.37-14.39).

Reperfusion therapy

A total of 76 (26%) of the AIS patients received reper-
fusion therapy. Analyses of predictors for reperfusion

therapy were performed on the AIS population only
(Table 5). In the patient population, higher age (80—
99 years) was associated with less chance of receiving
reperfusion therapy compared to the youngest age
group (18-59 years). Moderate and severe stroke and
perceiving the situation as very serious (adjusted OR
3.08; 95% CI 1.23-7.75) were associated with higher
chance of receiving reperfusion therapy.

In the bystander population, we found the same asso-
ciations for higher patient age and stroke severity.
Bystanders’ background as a healthcare professional
(adjusted OR 3.43; 95% CI 1.20-9.78) and bystanders
perceiving the situation as very serious (adjusted OR
4.70; 95% CI 1.14-19.5) were associated with higher
chance for the patient to receive reperfusion therapy.
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We found no significant association with female sex,
intermediate to long education or experience with
stroke from family or friends with any of the main
outcomes.

Discussion

Compared to bystanders, stroke patients perceived the
situation at symptom onset as less serious and had less
knowledge of the core symptoms. A primary EMS con-
tact was made for less than one in three patients. For
half of the patients, either the GP or OOH-PC was the
first to be contacted. Higher patient age was associated
with reduced chance of a primary EMS contact and
initiation of reperfusion therapy. Having a moderate
or severe stroke and patients and/or bystanders also
perceiving the situation as very serious were associated
with a primary EMS contact, arrival at stroke centre
within 3 h from symptom onset and initiation of reper-
fusion therapy. Having a bystander and knowledge
of >2 core symptoms were moreover associated with
a primary EMS contact. A powerful predictor for all
outcomes, together with high stroke severity, was
having a bystander perceive the situation as very
serious.

To our knowledge, this is the first study to system-
atically collect detailed information on knowledge of
stroke symptoms, previous experience with stroke and
perceived seriousness of the situation in both patients
and bystanders, combined with information on help-
seeking behaviour, treatment and medical history.
Acute cognitive impairment frequently occurs after
acute stroke and even TIA.?** Hence, understanding
the situation surrounding an acute stroke may be
improved by interviewing the bystanders. Therefore,
including bystanders is important to fully understand
patient- and bystander-related predictors of delay. We
included a large population of consecutive acute stroke
patients and bystanders over a short period. The short
time from admission to interview may limit the risk of
recall bias.

However, our study also has limitations. The
number of screened and included patients was lower
than the total number of stroke and TIA patients in
the period. Screening and inclusion of patients took
place during normal working hours on weekdays.
However, inclusion was omitted on some weekdays
(randomly distributed) due to lack of interviewers.
Some patients with TIA or minor stroke spent only a
few hours in the outpatient clinic, and other patients
were discharged or transferred after one day. Although
we found some differences between screened and non-
screened patients, only a minor difference was seen in
stroke severity between the groups. The risk of selec-
tion bias was considered low. In the interview, we

asked questions on stroke knowledge and perceived
seriousness at symptom onset. We informed the patient
and bystander to exclude any knowledge received from
any healthcare provider or acquired from own experi-
ence after symptom onset. This could be difficult, and
knowledge obtained after symptom onset could have
affected the answers to some extent. The patients’
responses could also have been influenced by acute cog-
nitive impairment. However, interviewed patients were
able to answer all questions and remember what hap-
pened from symptom onset until admission.

Including bystanders seems essential as they often
are the ones to take action and call for help.?®?’
Shah et al.?® have previously reported that only 31%
of the patients recognised the need to seek help, where-
as 59% of the bystanders did. This corresponds with
our findings on the perceived seriousness of the situa-
tion in patients and bystanders. In line with our study,
some studies have found that bystander presence
increases the use of EMS,?” and others have also
found an association to reduced prehospital
delay.”'%* However, the role of the bystander and
the patient’s type of social network may play an impor-
tant role, as smaller social networks (e.g. with only one
family member) may maintain the patient in a ‘wait-
and-see’-behaviour.*

Two studies by Faiz et al.”*' explored the reasons
for prehospital delay and ‘decision delay’ in acute
stroke, but did not include interpretation of serious-
ness. They collected information on the patients’
knowledge of stroke, but no association was found to
delay when comparing patients with and without pre-
vious stroke knowledge.

Some studies evaluating educational stroke cam-
paigns have questioned whether improved knowledge
can be transformed into symptom recognition and cor-
rect help-seeking behaviour at symptom onset,**** and
previous campaigns might have focussed too narrowly
on stroke knowledge. Some studies have reported
reduced prehospital delay and an increased number
of patients treated with reperfusion therapy.
However, methodological weaknesses make it difficult
to generalise.>”** Campaigns are shown to be most
effective when the message is simple, repeated several
times in different types of media, and both public and
healthcare professionals are target groups.>*

Understanding stroke as a severe and potential life-
threatening disease requiring urgent action is essential,
as this understanding seems to be independently asso-
ciated with correct help-seeking behaviour, timely
arrival at stroke centre and higher reperfusion therapy
rates in stroke patients. When designing future educa-
tional campaigns or sending other information on
stroke to the public or to healthcare professionals,
the severity and urgency of stroke must have a strong
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focus, and the important role of bystanders should be
pinpointed. Bystanders could have a pivotal role to act,
seek help and ultimately improve patient outcomes, as
seen for out-of-hospital cardiac arrest.’® Health
authorities and GP organisations should focus on
high-quality triage of stroke patients, as GPs and
OOH-PC are often the first to be contacted.

Conclusion

Knowledge of core symptoms of stroke is important,
but this knowledge cannot stand alone. Understanding
that a stroke is a serious and potential life-threatening
event should be underlined. Moreover, it should be
stressed that patients seem to depend on bystanders
to take prompt action and call the EMS. This may
reduce prehospital delay, increase reperfusion therapy
rates and ultimately ensure better prognosis for stroke
patients.

Trial registration

Clinical Trial Registration-URL: http://clinicaltrials.
gov. Identifier: NCT03759691.
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